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ABSTRACT 



An assay apparatus inchidcs a cell with a working electrode 
aod a sonicaiiDg device slnicturally coupled to the cell for 
sudcatiuD the cuolenls of the cell. 
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ASSAY ^^^^^-^^ ^\^'^^^ZX'^l''of'^^^^^ 
MRi tiwwiA/u j^.^^ reactions th*l occar a: asolid-phase support, ibc im 

REFERENCE TO PUBUCATIONS AND at wbich molecules in solution bind to reagents located ai a 

CORRESPONDINGAPPUOVnONS , tS^n^rrk«;^touS.p''^'aS;^s5^ 

ilic following published PCI' Applicaiions arc hereby ^ sabjca to active nuxing, molecules in solution reach 
incorporated in their entirety by reference: U.S. No. solid-phase surface {HimarOy by diffusion through the 

92/00982 (W092/14138); U.S. No. 92/00992 (WO solution. It has been found that diffusion rates arc generally 
92/14139); and VS, No. 96/03190 (W096/28538). mo slow to allow binding leadions to approach wmplction 

The following commonly owned and copending U.S. and ' with a 30 minute period In addition, the presence of small 
PCT AppKcaiions, filed oo even date herewith are incorpo- convection currents in the soluuon, eg., due to ttmperaftire 
raicd in their cotirciy by reference: U-S. paieni application gradients, can cause the raltf of a binding reacUoo lo vary 
Ser- No. 08>932,U0 filed Sep. 17, 1997 eniiUcd MULTl- cojisidcrably and thus be difficult » predict and control. 
ARRAY, MULTI-SPECTFIC ELECTROCHEMILUMI- There have been numerous prior attempts to improve the 
NESCENCS TESTINC and PCT Applicaiion No. PCIV mass tran^rt of molecules to a solid phase si^on in a 
US97n6942 filed Sep. 17, 1997 cniiUed MUUI-ARRAY, binding reaction system. Considerable cffioits have been 
MULTI-SPECIFIC CLECTROaiEMlLUMINESCENCn directed to increasing miss transport rates through the 
TESnNG (W09fl/lX539X introduction of cootioUcd convection currents^ e.g., by 

^ „ vortexing, by using siirring devices, or by passing a sohi lion 

BACKGROUND OF THE INVENTION ^ aver a solidi^hasc surface in a flow cell anacgement. Such 

Diasnostic tests upon liquid simples and diagnosUc tests approadics commonly utilize relatively expensive and com- 
ulili^ liquids arc in widespread use in medical pkx mechanical devices, such as sohiUon stirrers or pumps, 
tcchnotogy. enviionmenul monitoring devices, and com- aod, consequently, are not s^cd for use m an a.^s.y devia 
meicial plications. A significant impedimenito the utilj- 35 that is small in size, robust, ineaqjensive to manufacture, and 
zatiou of manv diagnostic le^ng processes has been the easy to use. 

impracUcal delay required for chemical reactions in such Also, a liquid ullrasonication bath to promote mixing has 
processes to proceed 10 a meaningful completion. It is not been described in VS. Pot No. 4,575,485 (Sizto ct al.). Sizto 
uncommon for diagnostic chemical reactions occurring in a ct al. memioa a container, hdding a volume of assay 
liquid svslero to proceed for extended periods of time, e.g, 3^ medium and a "dip^stick" immersed in the mednim, sut>- 
in cxct^ of thirty ounulcs. Sudi dcUy may make certain rocrscd in the bath of a conventional Bquid-batb ultrasonic 
diagiiusiit; tests entirely unsuiublc fur situations in which cleaning device. Ullrasonii; vibrations {h>m the shdl of the 
timely results are needed. cleaner bath are liquid-ooupled to the container. The vibra- 

To an emergency roctm, delay in obtaining results from a lions traveling through the liquid of tho dcaner bath dissi- 
diagnosric test may delay accurate evaluauoo of a patient's 35 P*^**?^^'^?!'^^ r^lu^u^^Kr 
CQiKlition, to the extreme detriment of the patient Even matena! and ^of the sheU of ibe bath. Such Itqmd^ouphng 
under less critical circumstances, such as a routine visit to a is dearly inefficient and can dissipaie considerable amounts 
doctor's office, an hour delay in obtaining reailts from a of sonic energy. 

diagnostic test may hinder a doctor's diagnosis and treat- The exact nature of the ultrasomc vibrations bemg trans- 
menl of a patient during a single consuludon. Any delay in « mittcd to the assay medhun and to the dip-stidc will s^- 
ireatmcnt cwild result in harm to the patient. Ai the least, an nificanUy depend upon apparatus design and usage condi- 
cxtcoded delay in obtaining test results may neceaatalc an tions. For example, the shape of the container for. the assay 
additional follow-up con&ulJaiioo and office visit, thereby medium, the sha^w of the sihell of the bath, the position of the 
increasing the overall cost of treatment to the patient In the container in the bath, the position of the dip-stick in the 
laboratory, the slow chemical reaction time of a diagoosOc 45 container, the position of (he source of vibrations, the 
test may significanUy reduce the efficiency of research amount of di.ssolvcd gas in the liquid in the bath, and the 
efforts and burden researchers. Further, time-consuming volume ofliquid in the baih will each afiect the transmission 
diagnostic testing in industrial chemical processes may of ultrasonic vibrations. In use. the volume of liquid could 
dramatically increase raanufacmrnig cosU and reduce pro- casUy change due to evaporation, splashing or release of 
duction volume. 50 gasscs dissolved in the liquid in the bath. All of these may 

To avoid the abovc-described consequences, apparatus aflccl the vibration transmission characteristics of the bath, 
and methodology for inaeasiog the speed of diagnosuc Since small variaUons in structure and operational ooo- 
tesring processes arc greatly desired, especially in connec- ditioos wiH considerably affect the Uacsmisaon of uUra- 
lion with assavs that incorporitc a binding reaction, <.e., sonic energy in a device accordmg 10 Sato ©t al., it can be 
immunoassays, nucleic acid hybridization assays, and 55 expected that precise reproduction of particular ultrasonic 
reccptnr-ligand binding a-ssays. ti would he particularly bath ooodilioos throughout the duration of a parhcular 
usefai to increase the reaction rate in assays utflizingbinding readion will be extremely difficult, if noi ftnpossible, to 
reactions that involve the binding of components of a adiieve. Consequently, it will be extremely difficuU. if not 
solBiion to reagents located at a solid-phase support. Such impossible to achieve rcpioduc2>lc assay results with such a 
assays should provide precise, quantUative results and be 60 device. Time-consuming chemical reactions sensitive lo 
b^bly sensitive, lo addition, h is also desirable that appa- ulirasonic eretgy may not be reproducible at all. In addition, 
ratus for conducting diagnostic test assays be small, the use by Srtlo el al of s liquid bath ultrasonic cleaner 
portable, low cost, robust, and easy to operate. The above device presents an unnecessary risk of crossHContammatiOD 
coasidcTalions are especially important in the field of Pcant- between the bath and the assay medium. Such conlaminfltion 
of -Care (POq medical diagnostic testing (e.g.. tcsu'ng done 6S is likely to cause erroneous assay results, 
at home, al a hospital bedside, m an eoaergency room, or in Further, an apparatus according to Sizto el al is not 
a doctot*s office). yarticuUdy suited to commercial application. As a conse- 
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QUCDOC of designedly incorporaiing a liquid balh, the appa- Yci anoibcr object of the picsem mvcnbon is to provide 

rata* of Si«o ci al. iR relatively large, cumherwnc and apparams for sonicaiing an assay ceU or cartridge used m an 

heavy and consumes coosidcfible ekcirical power. Such cIcclrochtmaumiDesocnce assay, 

power is required because of the wakeful dissipalioD of According to an asp^ of the present invention, an 

nluasonic energy in the bath shell, bath liquid, and assay 5 apparatus for use in carrying out electrocbemihimincsccDce 

container. Oearly, a device according to Sizto et aL very mcasuiemcnls is pnmdcd. The apparatus comprises a cell 

inefficiently uansmiis ultrasonic energy to an assay mcdTum that includes a working electrode, a sonicating device, 

in a coolainer and from there to a binding surface. Moreover, strucmraUy coupled to the ocU, for sonicating the contents of 

the use of an ultrasonication bath is on additional compli- the cell. 

catedassaysteprcquinogskilifulmanipulatioabyauser.As lO According to an aspect of the present invention, an 

such, an uUrasooication bath is not suitable fcff use in an ajparaia'i for use in carrying out ctectrochemiluniinesccnce 

integrated, automated assay system or for use by assay oieasureinents ss provided. Jlw apparatus includes a cell that 

tediaicians thai are not hi^y sluUcd. Disadvanlage^y. includes a working ckctrodc. The apparatus also inchtdes a 

the ultrasonication bathofSizto el al. cannot be incorporated sonicaiing device, sinicturally coupled to the worlODg 

into an assay device or assay system thai is smalt robust, 15 electrode, for increasing the rate of mass traos{>ort of mol- 

inexpensive, easy to use. The ultrabonitalion bath would coalti to aiidA>r from the surface of the wodting electrode, 

also not be suitable for a disposable device: According to another aspect of the present invention, an 

M any assay icchaJques dclca the binding of molecules in apparatus for use in carrying out clccirocbemihnnincsccncc 

solution to reagents located at a solid phase. The binding of measurements is provided. The apparatus includes a cell that 

molecules to reagents on a solid phase can be measured 20 ^(.jjujcg a working electrode, wherein the working electrode 

directly, for example, by surface plasmoD resonance. jg a solid-phase support for bindbg reagents specific for an 

Alternatively, by attaining a label to a molecule in sohidon. analylc of interest. The apparatus also includes a sonicaiing 

die bindmg of the molecule to a surface can be determined device, structurally coupled to the cell, for sonicating the 

by measuring the amoum of label located on the surface. eumcnis of the ccH. 

TVpical labels used in assays indudc enzymes, fluorescent 25 ^^^^ gather aspect of the present invention, an 

molecules, radioaciivc isotopes, chcmilnmmc&ccnt amjanrasforusc in carrying out a phirality of dectroctiemi- 

moleculcs electmacrive molecule.-;, and coltoidal particles, im^ioescence measurements is provided. The apparatus 

for more description of the field, the reader^ referred to ip^ludcs a cell, that includes one or more working 

Nonradioactive LabeUng and DeSectian of Molecules. elecimde.^ wherein the one or more working ckctmdes arc 

Kesslcr. C, ed., Springer-\ferlag. Berhn 1902; Tat Immuj 30 . ^ supports for one or more binding domains, m 

„Oflssay//«ndWA WUd,a^ ^ ^ domains comprise binding reagents 

1994; and Keller, G. H.. Manak. M M. l^^J^i'robes, 2nd ^ ^ ^^^^^^ ^^^^^^^ 

Ed.. MacMiUan PubUshers Ltd., IxindoiJ, 1993. ^ includes a sonicating device, structurally coupled to the 

One particubriy useful detection technique is electro- ^jj^ sonicating the contents of the ceU. 

cheraihiminescencc (ECL). In ECL. electron transfer rcac- ^ According to another a^ of the present invention, an 

lions at or near an <acclrodb causes a Ubcl to adopt an ^ carrying out electrocbemilumkesceoce 

clcctronicaUy excited stale. The excitanoo level of (he label jncjaurcraenis is provided. The apparatus indudes a ceU, 

decays through emission of a photon vdiich can be photo- ^^^^ ^ electrode, and an ultrasonicating 

mearically detected Derivatives of njthemum tris-b^yndyl ^ ^tnicmrallv coupled to the ceU, for uluasonicaUng 

(TAGl) are widei>' iised ^ ECL labds Rnther deuds ^ contents of th^ celt 

regarding According to «x>lher aspect of the present invention, an 

f n S a^^'^^P^i^ J^nn^ nth^^a apparams for use in carrying out electmchemiluminescence 

Analyst. 19:879^. is%ded. llie apparati includes a cartridge comprising a 

reacuons m soluaon has described, it is noted that a *^ electrode, that is a solid-phase su^ort for binding 

WKie variety of ECL-b^ bmdmg ^^y^t^f^^^^f*^^^ ^zdUc io, an analyte of intere^!^ apparanS 

reagens located on a ^"^^P^^^PP^J^ also mchiLa cartridge reader that includes a receptacle for 

example, as descnbed m copending U.S. appUcatwm Scr. . - . ' „ "J^^^, ^ 

No. 08/^32410 filed on e^n da^ heie^Ih, and PCT f ^ 

Application No. PCrAl.S97n6942 (W098/1Z1^9) filed on 55 According to stiO another aspectof the present inveotion, 

even date herewith, both of which are incoiporated by * f?' ^*^8 ^^''^'^^'^IT^'*? ""'f 

r^irence above suremcnts is provided. The method includes the steps of 

introducing a sample con^ising an elect rochemilumines- 

OBJECTS AND SUMMARY OF THE ^ Qjoicry iuto a ceU inchiding a working clecuodc; 

INVENTION go soafcaiing Ibc sample in the cell with a sonicating device 

Therefore, an object of the prescni invention is to provide structurally coupled to the cell; and applying electrical 

apparauis and methodology foi mocasing the speed of energy to ItRf electrode to cause the clcctrocheiniluininesutnl 

diagnostic testing processes. moiety in the sample to luminesce. 

Another object of the present invention is to provide According 10 yet another a^icct of the present invention, 

sonication apparatus and methodology avoiding the disad- 6S a method for preparing an electrode in a cell or cartridge for 

vantages snflfercd by the prior art and increasing the speed of use in eicctrochcmihiminesceoce measurements is provided, 

diagnoslic testing processes. The method iuchidcs sonicating the cell or caruidge with a 
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reagents to the burlaw: of the cledrudc. durinVthccouracof ihcbuidmgreactio 

Other objects, fcaturca, and advantages aococding to mc j^^^j^ ^ bindiog reaction lo apptoacb completion. In 

{iTtstfii invention will become afiparcnl from the following ^ fcinct jc assay, U» oonccntTalitMJ or amount of ao analyte of 

detailed description of iOusirated cmbodimeot* when read in interc&i Is determined by noeasuring (be rate of tbe binding 

coojunciion wtb the accompanying drawings in wbicb the jeiction. Similarly, it has been found that sonicaiion during 
same components arc identified by the same reference course of the binding read ion inaeases the rate of the 

numerals. binding reaction, llie faster binding reaction produces mea- 
surable signals in much less time than previously possible. 
BRIEF DESCRIPTION OF THE DRAWINGS invention so greatly accelerates the rates of 

nC. 1 is a schematic diag^m of an assay ccU according certain reactions that assays uUliangOTch reaction m^^^^ 
to an embodiment of the i^^^^ « ^"^^^^^^^^ * ^^"^ ^'^^^ 

HG. 2 is a schematic dja^am of an assay according transport-limitcd binding reaction on a 

to another embodunenl of the present invem«n; solidlS^^ ihe^ualionof 

FIG. 3 is a schematic diagram nf an assay cell according ^^^^^ ^^^^^^ ^ ^ mass-traa^n cocffidcni for the 

to another embodiment of the prescm invention; mass-transfer of thai tcig^ot to the support Therefore, 

FIG. 4 is a schematic diagram of an assay cell according especially impottanl that the amount, rate, and type of 

to yet another embodiment of the present invention; soracation applied during a kinetic assay be carefully con- 

HU. 5 is a schematic diagram of an assay cell according trolled and be precisely reproducible. Variations in the 

to still another embodiment of the present invention; mass-transfcr coeEcienis are likely to cause variations in 

FIG 6 is a schematic diagram of an assay cell according ^5 reaction rate among otherwise identical tests and, 

to another ctidJodimcBt of the present ioveution; consequently, render imprecise or entirely unusable results. 

ing 10 anniTOi cmn»ui»n>ui i , . , . duct of kinetic bmding assays that are quick, quautuatjvc. 

FIG. 8 is a graph iUusUatmgECL intensity results obuin- ^^.^^^^ andreprodudblc. 

aMe according to the prescm mvenuon; ^ a has been found that for sandwich immunoassays using 

FIG. 9 is another graph iltoraimg ECL intensity refiulK antibodies located on a solid-phase support, the 

obtainable according to the present invention; and binding reaction can take more than ¥1 hour to leadi 

HG. 10 is a graph illustrating the improvement in ECL completion, even when vortcxiog is used to increase mass 

intensity results obtainable according to the present isveo- ^ transport to the solid-support surface. This time scale is 

lion. typicd of many highly sensitive solid-phase binding assays, 

^ ^^^.r. such as EUSA and RIA. Unexpectedly, wc found mat 

DETAILED DESCRIPTIGN OF THE sonication of rcagci^ reduced the lime required for oorople- 

PREFERRED EMBODIMENTS binding reactions to a matter of minutes. The 

In many diagnostic systems wherein bindii^ reactions 40 apparanis and n3eihod«Aogy of the present invention is not 

occur between reagents, improved mixing of the reagents limited to immunoassays and wiH be useful for a wide 

am increase the speed of the reaction. Often, the slow rate variety of binding intcracUons (e.g.. nucleic acid 

of mixing ultimately Hmits the ^ecdwati which a diagnos- hyhridizjtion. antigen-antibody, reccpinr-ligand, ensj^mc- 

lic test proceeds to completion. Examples of diagnostic subaraie. etc.). ITk; invention is advantageously employed 

assays whcceia binding reactions between reagents occur 45 in Ed assays using binding domains located on a ^-oriang 

include immunoassays, DNA-probe assays, cUnical cbem- cleomde (i.e.. .^id working electrode also functiomng as a 

istry tests, loceptor-ligand binding assays, and the like. The solid-phase suj^rt). for example, as described in cqienAng 

sk)w rale of bimliog kiocacs has been an especially limiting applicaUon Set. No. 08/932.110 SI^^ot evoi dUtc 

constraint in conducting assays that incorporaic binding herewith, and PCT Application No. PCT/US97/16W2 

reacUons between reagents in solution and tej^enis present 50 (W098A2539) filed on even date herewith, both of which 

on a solid. SoniuiUon impwvcs the mixing of reagents in arc incorporated by reference above 

solution and ibe mass transport of reagents in sohition to Sonication is also advantageoudy employed in systems 

reagents tocated on or near a surface of a solkJ. Experiments where the solid-phase support has a phirality of binding 

have proven that somcaiioo of assay reagents dramatically domains, wherein two or more of said binding domains 

decreases the time required to conduct a bmding assay that 55 reskle on a dififcrent locatioo on the solid phase si^port. la 

utilizes a solkl-phasc support. In the present application, this case obuining accurate and reproducible results requires 

sonk:atk)n w defined to encompass vibration having a frc- that the sample be mixed sufEcicmly so that aU portions of 

quency between approximately lUO Hz and 10 MHz. Ihc the sample are exposed to all bmding domains. SonicaiioEn, 

frequency of sonication (fj can be sub-divided into the by iocrcasiug mass transport not cxily increases the rale of 

folkiwing rangps: tow-frcqufincy sonication (100 Hz^ f^^5 go ihereacti^Mi but can also make the reactions between sample. 

KHz), ultrasonication (between 5 KHz^^si MH2)> and reagents, and binding domains more uniform, 

ulira-high sonication (1 MHZ^fJ. The amplitude of the Sonicatwn is also advantageously employed in systcins 

vibrations canbe sob-divided into the following ranges: low where the solid-phase support has a plurality of binding 

amplitude sonication (<1 /on), medium anq>litud« sonicatioa domains, some or all of said bindiog domains being specific 

(1-10 /im) and high amplitude sonicatioQ (>1(V*). 65 for diffierent analytcs. Ctotainiog accurate and reproducible 

The improved mixii^ achi6%t!d by the present mveniion resulu requir^ that the sample be unifiarmly exposed to the 

find* ready and useful application in both end-point and binding domains on the support. 
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SonicaiioD can have bcccficial c&cts bcadcs inacasing Sonkatton may be used for assays that incor^ratcchcmi- 

the rale of the binding rcacrion. For example, the rate of cat leaaiort; between reagents in sntunon amior bcwecn 

color dcvetopmcm in aoEUSA assay may be limaed by the icaants h solution aad rcageoU located oq a sohd Soni- 

raro at which the enzyme suhstraie traveb to ibe sohd catjon may also be used for assays thai incorporate bmdmg 

surface and the rale of wWcb the enzyme product travels 5 reactioos between reagents in sohiiion. 

away from the solid surface. Simaarly, many chcmilnmi- Sonicaikjn may be created by a vaiifily of mechanical aod 

Descent reactions used in assays are initiated by the reaction electromechanical devices. Such devices include electric 

of chomilumincsoenl labels, bound to a soUd-phisc support* motois wiih an eccentrically mounted cam, clcdromagnciic 

withco-rcagcnbpsrcscaiinsoluUonand.thusareacceleratcd actuatuis, such as sptakcis, crystal uscillatuib, pendulum 

by boniuLtiuQ. Also subject to improvemcai are assays devices, solenoids and the like. A preferred device for 

utilizii^ electrochemical detection methods that require the creating sooicaiion fit a foequency and amplitude particularly 

mass transit of electroacttvc species to an electrode sui- suitable Cor the present invention incofporates a piezoelec- 

facc. Apparatus according to the present invcntioo demon- i^i^ material, Piezoelectric materials are generally 

stralc a more-ihan three-fold increase in the ECL sgnal iaexpcnsive, commonly available, li^tweight, and can be 

produced by a jsohitioa containing TAGl and the ECL juiced to sonicate over a wide range of fixiqncncics and 

corcactanltripropylamine{TPA) when the e3q>erimenial cell 15 ^pj^„(j^ ^jjyejjj^j,|iy^ piezoelectric sonication devices 

is sonicated during the excitation of ECL. Hie pr^t ^ ^^^^ snaking them cspedally 

invention can, ihi^re, be apph^ to the naore^^ desktop and portable devices, Most 

Ea.deteciion ofEn.labels and ECLcr>rcac^^ant^ advantageously, piezielectric devices may be operated with 

SooicationwiUw>tody increase Uk rate o^^ ^J^^^ clecirical power. Piezoelectric 

portofrcagentstoasurfaceofasohdbutwiUakom^ 20 compatible with small, portable, 

thcnue ofma^^tia^of^e^^^^ ^^/^ ^Xries. SonicatioT apparatus 

cootamioants. and the like away &om iiic suriace. oootca- . * ^* ^ 1. • 1 j 

^u fz^bc used to increase'ibe rale of displacement «aofdjng to the pr«ent lovcotion are effecUvely sonica ed 

reactions, e.g., the displacement by an unlabeled aaal>tc with piezoeleclnc devices dial consume less than ten watts, 

present in a Simple of a labckd analyle bound to a binding 25 ^ " particular apparatus fuoclions with a piozoefcctnc 

rcagem. Sonication may also be used to increase the rate of ^vioc consuming approrinmtely 0.25 watts. A preferred 

desorpiion of undesired contaminants on a solid-phase piezoelectric device is a pbtton-mass device, 

support, thus, reducing the amonnl of inteiferenco and U was fiirtha' discovered that strucmral coupling of 

non-specific bimling produced in a particular assay. Further, sooicaticg eneigy from a sontcatlon generator to a cell 

sonicarion may increase the rate of adsmptinn of desired ^0 containing assay materials is a remarkably eCBcient design, 

materials, such as assay reagents or a protective coating, or jjje most effective structural couplii^ has pcovea to be solid 

the like, and increase the rate of desorption of expended or contact, e.g. by direct attachment of ibc sonicalion generator 

otherwise undesirable materials, such as a protective to the ceB or attachment of the sonicatioa generator so that 

coaling, oon-^dlkally bound reagents, or the like. Soni- a solid continuum is pojvidbd between &e sonication gen- 

cation may be used to re-suspend particulate contamination, ^ eraicr aLd the assay cell. By specifically transmitting sont- 

e.g., cell membranes or particulate reagents, that has settled cation energy to the assay cell or to a solid-phase support in 

on a surface. the ic&ay cell, mu^ less energy is needed as cumpared U> 

Sonicalion may also be used in » sample preparation step. inducing an entire apparatus to sonicate. Careful positioning 

For example, sonication may t>c used to disrupt maieriaJs of the sonication generator allows focused direction of the 

such as biobgical tissue cells, microotgaoisms, virus par- ^ eoeigy of the contents of the assay cell and lessens the 

tides and the like, lo release components of the materials effects of damping by other elements of an assay system, 

into the reaction media. Preferably, said sample preparation Strucmral coupling may be reversible (e.g. the sonication 

occurs, in situ, in a measurement cell, eg., an ECL cell, generator and the cell may be designed to he connected and 

Still further, sonication OD^ be used to decrease the time unconnected nmlt^le times) or may represent a pecmaocnt 

needed to mix. two or more sdutioos to homogeneity, the 45 connection. 

time needed to dissolve a solid in a solution, and the time it is to be understood that structural coupling of somcatioa 
needed to rebydrate a dried material Sonication is also energy can be achieved with many different types of con- 
useful in increasing the rate of Quid flow thtotJgh thin flguraiionR. The sinjctural coupling of sonication energy 
capillaries. specihcaUy eocompasses the transmission of sonication 
The slow rate of chemical reactions can also be a limiting 50 energy (a) through a sotid mterface between a sonication 
cnnstraim in conducting assays that incorprwate chemical generator and an assay medhim or binding surface; or (b) 
reactions between reagents in solution md/or between from a sonication generator directly to an assay medium or 
reagents in solution and reagents on a solid. Sonication to a binding surface. 

improves the otixing of reagents in solution and the mass U is an important advantage of the present invention that 

transport of reagents in solution to reagents h>cated 00 or 55 the strucmral coupling of sonicatioa energy in apparatus 

near the surface of a solid. The increased mixing afforded by according to the preRcnt invention can he precisely onn- 

scmication can dramatically decrease the lime required to trolled. Such control of the siroclural coupling mechanism is 

conduct an assay tha utilizes chemical leactioos between readily tnqjlemcnted through precise oontml of the manu' 

reagents in solution and chemical reactions between £acmriqg apparatus components and the assembly of same. . 

reagents in sohitioQ and reagents located on or near a solid 60 Each component of the strucmral coupling roechanisra, e.g. 

support the sonicalion generator, the diaphragm, etc., can be manu- 

Tbe slow nte of binding kinetics can also be a limiting fadmed to precise tolerances. Similarly, the stmcmral oou- 

constraint in conducting assays that incorporate binding plicg mechanism is suitable forprecisc assembly permilting 

reactkras between reagents in sohition. Sonication improves the construction of maliiplc apparatuses having virtually 

the mixing of reagents in sohitkra and can dramatically 65 identical sonication transmission characteristics. Preferably, 

decrease tba time required to conduct a bindii^ assay in sonication assay cells manufectured to precise tolerances use 

sdufioo. components comprisiug rigid materials. 
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Ihc picscm iDvcntbo is »jacrally applicable to binding of inducing an ECL moiciy to luminesce. fteferaWy, ibc 

asfay syaems such as immunoissays nudcic acid hybrid- cJectrodc comprises a fitwU-polymer composite maicnal. 

ization assays, recepior-iigand biodiog assays, and the UHst. nC. 1 ilhtstrates a pa/licular cross-soctbna] view of an 

Funlier assays in wiuch ibe present invention is advanta- ^^^y cell 10 according to an embodiment of tbc present 

goous^y employed includes assays that involve the direct 5 invcntioia Assay cell 10 comprises a base 11, a diaphragm 

delcciioD of an analyie, detection throogh a competitive 13, ami a sanitation gcncmlor 16. Base 11 is shaped to 

binding reaction, or indirect detection, such as sandwich ^ef^ a cavity 17 and an apennre 14, and is preferably a 

immunoassays, sandwich nucleic acid hybridization a^ys, malcrial Allcraativcly, base U comprises a flexible 

dctecUon of enzymatic produos and detc<^n of ampbfica- material (e.g., base 11 comprises a flexible plastic container 

lion product. 55uch aiisays may be hnmngenccus or bctem- ^ ^^^^ ^ formats that use optical detection 

geoeous ajKJ may or may not incorporate a wasli step, ibe techniques (eg.. ECL, fluorescence, dicmiluminesccDCe). 

present invemion is suitable for use wjth a base IHs preferably a trani^iarcni material, such as acrylic 

tcchmques used to deieci binding events, such as ELISA. ^^^^ geucrated within cavitv 17 to be 

fluorescence, chemihiminescence, RIA, sciniimtion j^y a detector (not shown) coupkd to base U. 

pmwmity direct optical detection (c-g.. SPR). clf«^«*cm>- ^ b,,g^ 13 cs a solid-pbase support for a reagent 15, 

cal detection, and ^^^^^J*""'"^"*^^^;,^ such ^ a bi^ reagenU and piefeSbly is comprled of a 

found that assay s)^ms hke these aie P^;^^"*^ ,hip fij^ or^of materiaL li particuUx, diaphragm 15 is 

srvc to somc^uon ^""^^^^J "^"P^^^ preferably a fibrO-polymer composite material. As^bown. 

cell or to the assay . ^^J'^^. ^^^^ diapbra^ U is^pled to base 11 at aperture 14. 

rrtdions occur ,n the vicimty of an electrode, som^^^^on of ^ diaphragm 13 fbmis a seal with base 11 covering 

the electrode itself has proven to have an especially beocfi- ancrt^ 14 

cial effect in increasing assay reaction rates. ^ . . ' *^ . j • r • j- 

As will be underst^ by one of ordinary skin in the art, ^^'^^TJ't'^'T " for sonicating dw- 

HQS r77r^simplifiil cross-sect^ diagrams iilus- P^J^: ftc&rabft., som«lioD generator 16 comprise a 

ua^g diffL^ assay^celi des^ns that embodTpriociples ^ P^^^^nc ^u^niion devux. Generator 16 ^Pff^^ 

andnLulappHcatioLftbepresealinventioQ/Tofadm^^ conl^lkd by a son«:at«^ generator conno^^ 

^expU^alionb^ wideimgingapplication.parti^^ ^ an c eccncal conlml orcuit or the like. SomcaUon 

^^iLturesandelementsS^lnperforispe^^ g««ratgrl6issUuaurany«»upIedladhap^^ 

^ ^^ys have been omiued io son^ or aU of the cffiaenUy transmit some epeigy to Aaphragm 13 and to 

figures. The drawings, and features depicted therein, are not 30 reagents 12. . , , . . , , 

owcssarily dravra to scak. Moreover, to further faciUiatc In operation, reagents 12 are mUoduced mto cavuy 17. 

cjtplanatiun of the prcscm invention, ccriain features oC the Sonication generator 16 b energized and aonicaies dia- 

prcsent invention shown in the drawings have been enlarged phragm 13. Diaphragm 13 conducts the sonicanon energy to 

or reduced in size relative 10 other features in the same or cavity 17, and thus to reagents 12 conUined Ibeittio. Ibc 

other drawings. 55 «»»cation causes reagents 12 to mix, speeding the rate of 

In addition, description and illusttation of specific dec- «^»ciion among reagents 12. The ^nicaiion wm also 

irica] comieciiuns for, and mechanical cuupHngs among, <>f mass-tran^rt of reagents prodiKls, 

assay ceil elements have been omitted to simplify the byproducts, etc., to and from bmd^g reagents 15 on dia- 

drawW The assay cells presented may be incorporated phragm 13, thus, ^eedmg the rate of bmdmgreact^ at the 

imolaigerassaydcviccsystcmsorbeavailableasamodulai « soli*5-pt»sc support. Alteraaiely.bindmg reagents 15 maybe 

item. As an example, assay cells according to the present omitted. 

invcntioo may advantageously be incorporated imo the ECL In an alternate embodiment, a non-solid couplrog material 

systems set forth in U.S. Pat No. .5,061,445 (Zoski et al), (nul shown) is placed between geueraliw 16 and Oiaphiagm 

UJS. Hal. No, 5,147,806 (Kamin ct aL). and U.S. Pat No. 13. The coupling material may be liquid or gas. It is 

5,247,243 (Hail el al.) as well as in copending U.S. appli- 45 contemplated that the coupling material may be held in a 

cation Scr. No. 08/932.110 filed on even date herewith, and seated cuclainer, such as a (lexibh; plastic membrane. In 

per i^pUcaUon No. PCT/US97/16942 {W098/12539) another embodiment, the couphng material may comprise a 

filed 00 even dale herewith, both of which are incorporated solid piston strucmre. Sonicatk>n energy &om sonication 

by reference above. generator 16 is Mnicturally cr^upted via the solid piston 

In the foUovwng. each assay ceU is shown containing a 50 structure to diaphragm 13. Id a further alternate 

quantity of reagents which are labeled with the term embodimcnl, reagent 15 is omitted from the surface of 

"reagents". Such -reagents" include solid, Uquid, and gas- diaphragm and is located on a surface of cavity 17. 

eous reagents, as well as solutions, suspensions, gels and FIG. 2 ilhistrates a particular cross^sectional view of an 

other fktwable states In which reagents may exist, conabi- assay cell 20. Assay cell 20 includes a base 22, a reactio] 

nations of any of the foregoing, and the like. Reagents may S5 enclosure 24, a sonicaiioa device 26, and a device mount 28. 

inchide the reagents required to perform an assay as well as Base 22 is preferably a r^gid material that ainounds reaction 

a sample of unknown composition thai is analyzed by an enclosure 24 and siructuially couples sonication device 26 to 

assay. Examples of suitable reagents and assay systems are reaction cnctosuie 24. Alternatively, base 22 comprises a 

found in copending U.S. application Scr. No. 08/932,110 flexible material (c.g^ base 22 comprises a flexible plastic 

filed 00 even dale herewith, and PCT -/plication No. eo container or a blister pack). In assay formats that use optical 

PCT/U$97/16942 (W098/12539) filed on even dale detection techniques (e.g., ECL, fluorescence, 

herewith, both of which are bcorpuraicd by reference cbemiluminescenue), base 22 is preferably a transparent 

above. material, such as acrylic or the like, that allows light 

In a preferred crabodimenU the sonication generator is generated within reaction encbsure 24 to be detected by a 

sirucmraay coupled to a solid-pbasc support at which bind- 65 detector (not shown) coupled to base 22. 

ing reagents are located. In an especially preferred Reaction enclosure 24 is preferably 0 void in base 22 in 

embodiment, the soUd-phase support is an electrode capable which assay reagents 25 may be introduced and subjected to 
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somc4tJon to piomoie mixing and reactioa AhcraiJivcly. function as a soEd-pbase support for binding reagents or 

reaction eoclosurc 24 may comprise a separate enclosure other reagcm.v Such a configuraiinn allows c^JcaaJly cffi- 

comprisina triosparcnl material that is slnictuTalty coupled cieni enbaDccmeni of the rate of mass transport of reagents 

to base 22. Vm interior surface of cmiusurc 24 may be U> ««i f mm the solid-phi^ support. In anotte alternate 

utilized as a soKd-phasc support for binding reigcnis and 5 cmboduiKiit, the surface of reaction enclosure 34 fonctio^ 

such reagents may be iiSlized upon the solidi>hase ^ ^ soUd-pbasc support for binding reagents or other 

jttippurl. Enclosure 24 may have one or mons upeningis reagents. 

E to connect with parages (not ^) for the intio. }^ » preferred that sonicaiioo device 36 oompnsca a 

a^jII AfvTn^S^ic piczwchxlriu sonication Ucvtoc. Device 36 k> preferably 

duction and removal of reagents. ScmtioUed by a sonkaiion coniroller (not ^own) such as an 

Sonication device 26 is a device for sonicatmg base 22 lO ^^^^^ ^^^^ ^ 

such that sonicatioQ energy wiU propagate to leactioa cncto- j^^^ ^^^^ 

fiuf e 24 and reagents 25 cnmabed therein. Preferably, soni- 3^ ^ ^^^^^^ 3g preferably 

cation device 26 comprises a pie2oelectric sooicalioa maybcejqioseddirecUy to reagents 35. Alternatively, device 

device. Device 26 is preferably controlled by a somcatioo xnovnt 38 is encased in a protective covering (not shown). 

controller (not Jthown)sudi as an elcdrical control drcuii or t5 ^^^^^ j^j^j^ 35 j^^y iTaaanil sonication energy from 

Uk like. device 36 to reaction enclosure 34 through base 32. 

Device 26 mounts on device mount 28 which is adapted Alternatively, device mount 38 is a sbodt-absorbing snb- 

to securely bold device 26 in close contact with base 22. stance thai minimizes Ihe transmissioD of sonication energy 

Although device 26 is shown immediately abutting base 22 fponi sonication device 36 to base 33. 

and device mount 28, a small space may exist between base ^ Althcwgh device 36 is shown immediately abutting device 

22 and device 26 and/or between d^ice mount 28 and mount 38, a small space may exist be twera device mount 38 

device 26 to allow device 26 to expand and oontracr or to ^ dcvi-je 36 that aUows device 36 to expand and coniraci 

otherwise move wlriie sonicating. qj uj otherwise move during sonication. 

In an aUernatc embodiment, a non-solid ujupUng material ^ Jq operaiioa» leagenis 35 arc introduced into reaction 
(not shown) is placed between device 26 and base 22. The codosurc 34> Sonication device 36 is energized and directly 
coupling material may be liquid or gas* Ii is contemplated sonicates jcagcms 35. Depending upon the composition of 
that the coupling material may be held in a sealed container, device mount 38, somcation energy may also be transmiUed 
such as a flexible plastic meml»-ane. In a fiirther alternate base 32 which conducts such energy to reaction cuclosure 
embodiment, device mount 28 may be omitted and device 26 ^ 34^ th^ ^ reagents 35 contained therein. Alternatively, 
may be auachcd directly to base 22 (e.g., via adhcsives or (j^vicc mount 38 may transmit sonication energy to reagents 
mounting hardware), 35. l^e sonication energy causes reagents 35 to mix, speed- 
In operation, reagents 25 are introduced into reaction ing the rate ofreadicm among reagents 35. Where enclosure 
enclosure 24. Sonication device 26 is energized and soni- 34 inchidcs binding reagents or other reagents located al a 
catcs base 22. Base 22 conducts the somcatioo eoeig}* to ^ sol id-phase su|)pnrt, the sonicaiinn energy may al<;a increase 
readion enclosure 24 and thus to reagpnts 25 contained the rate of mass-transport of reagents to and from the 
therein. The sonication causes reagents 25 to mix, speeding support, thus, speeding the rate of binding reactions on the 
the rate of reaction among reagents 25. Wtere enclosure 24 solid-phase support. 

oonlains binding reagents or other reagents immobilized on in certain applications it may be beneBdal to prevent the 

or otherwise located at a solid-phase support, the sonication ^ transmis^on of sonication energy &om the reaction enclo- 

will also increase the rate of mass-transport of reagents, sure to the main body of the cell, thus preventii^ the 

products, byproducts, etc., to and from the support, thus, dissipation of sonicaticm energy. Such isolaiioo is particu- 

speeding the rate of bin^g reactions at the solid^^base i„ly useful when the sonication generator is coupled 

siqjport. directly to reactton endosure 34; lo a componeot of cnclo- 

HG. 3 illustrates a particular cross-scctiona] view of an 45 sure 34, such as a solid-phase sappixi coupled to the 

{ct!Miy cell 30. Assay cell 30 includes a hss» 32, a reaciiun enclosure; or to reagents within enclosure 34. 

enclosure 34, a sonication de\ice 36^ and a de%'ice mount 38. VIG, 4 iUustrates a particular cioss*scctiocal view of an 

Base 32 is preferably a r^ material that surrounds reaction assay cell 40 according to an embodimeflt of the pre.scnt 

enclosure 34. Tn assay formats that use optical detection invention. Assay cell 40 includes a base 42, a reaction 

techniques (e.g., KCL, fiuoresoencc, cbemihiminescence), 50 enclosure 44. a sonication device 46, a device mount 48, and 

base 32 is preferably a transparent material, such as aciyhc a sonication isolator 50. Base 42 cnmprtses a conventional 

or the Like, that allows light generated within reactton support material. Reaction enclosure 44 preferably com- 

endosure 34 to be detected by a detector (not shown). prises a transparent material and is coupled to sonication 

Reaction enclosure 34 is preferably a void in base 32 in isolator 50. 

which assay reagents 35 may be introduced and sonicated to 55 Somcation device 46 is a device tot sonicating reaction 

promote mixing and reaction. AUcraativcly. reaction cncJo- enclosure 44. Preferably, sonication device 46 may be 

sure 34 may comprise a separate enclosure, made of a exposed directly to reagents 45. Ahermiively, sonication 

transparent material that is structurally coupled to base 32, device 46 may be encased in a protective covering (not 

Euclosurc 34 may have openings (not shown) for the Intro- shorwn) that is capable of transmitting sonication energy 

duction and removal of reagents. 60 from device 46 lo reagents 45. Somcatioo device 46, or a 

Sonicatioo device 36 is a device for sonicating reagents coating or material placed thereon (not shown), may func- 

aod/or reaction enclosure 34. Preferably, sonication device tion as a soHd-phase sitppori for binding reagents or other 

36 may be exposed directly to reagents 35. Alternatively, reagents. Such a configuration especially efiiciently 

sonication device 36 may be encased in a ptatttdivc cover- cnbauces the nic of mass transport of reagents to and from 

ing (not shown) that is capable of transmitting sonication 65 the solid-phase support In another alternate embodiment, 

energy from device 36 to reagents 35. Somcation device 36, the surface of reaction enclosure 44 functions as a solid- 

or a coating or material placed thereon (not shown), may phase support for binding reagents or other reagents. 



us 6.413 J83 Bl 
13 14 

h is ptc&ircd that souicaiion device 46 comprises a anaoged in a convcotionol formal, sucb as id a 96 or 3W 

pieaoclcciric sonicati)Q device. Device 36 is preferably well plate or the lite, 

controlled by a souicaiion device conUoUer (not ^wd) FIG. 6 iUuslratts a particular cross-scctional vjcw of an 

sucb as an elcdrical amirol drciril or ibc like. assay ceil 70 especially adapted for conducting ECL assays. 

Device 46 mounts on deWce mount 48 which is coupled 5 Assay ceD 70 inchides a base 72, a somcatioa device 74, an 

loiwnicatioQisolaior50.Muchlilujckvice46,dcvictiroouni elecUical coniau 76, a tiolid-phasc support 78. a rcactton 

4S pre&rably may be e^Kssed directly to reageols 45. cndosure 80, and an electiode 82. 

Altcmalivcly, device mourn 48 is encased in a protective Base 72 es preferably a rigid material shaped to define a 

covering (not shown). Prefciably. device mount 48 is a reaction enclosure 80 and a passage 81. Alternatively, base 

shock-absorbii^ substance that minimizes the transmission tl is ^ Bcxiblc material (eg. a thin plastic coiHaincr or a 

of sonicaiion coergy' &om soaicalioo device 46 lo sonication blister-padc). Preferably, solid-phase support 78 forms a seal 

i.<mlator SO. Optionally, dcvtce mouiu "tt may he omiitcd against base 72. itupport 78 and/or base 72 may also indudc 

entirely. one or more additional passages (not shown) through which 

Sonicaiion isolaior 50 is prcBeiably comprises a fi»ck. reagents may be introduced or removed. In assays that 

absorbing substance thai nnniraizes the iransmissioo of ulDize opUcal detection tcdmiques. e^., HCL, fluorescence, 

sonication cncigy from sonication device 46 and mount 48 and cbcaalumincsccncc, base 72 is preferably a Uan^aient 

lo base 42 SoaicaUon isolaior 50 can be advantageously material, such as acryhc or the like, fhai aUows bght 

used to decrease the emission of acoustic noise from the cell. geocratcd vdthin reaction eoclosure 80 to be detected by a 

Ahhaugbdevice46isshownimmediatelyabuningdevice ^ detector (not shown) coupled to ^^^o 72^Ba« 72ma 
moum48rasmaUspace may exbt between device mount48 ^ a^leraatwely. .Delude a trai^parenl window (not shown). 

aud device 46 that allows device 46 ® expand and cootract OptioaaUy, passage 81 may be omitted, 

or to otherwise move during sonication. Somcaiion device 74 is a device for somcating support 78 

In operatiou, icageats 45 a« iaUoduccd into reaction and is structurally coupled to soUd-phase support 78 It is 

er,do5re44.sJ^iondevic^ pn:ftrred that somcaUon de>a« 

^^rcagents45:maonicatioQeauSs«agents45lo ^ sonicatK)n device. Deface 74js prj^erably cont^^^^ 

!^,^edingtbcrateofreaciiooamoagreagents45. Where sonicatioo oontroUer (not shown) «ieh as »n cl cmcal 

wIo^uT^ indudes bioding reagenUi or other reagents «>Dm,1 circuit or Oie hks: In an allcrDatc embodiment. 

a solid-phasc supjSn. the sonication may also «>aic»tion device 74 may also be coupkd to ba.se 72. 

increase the rale of mast-transport of rcagpnK to and ftom ^ Electrical ccKiiact 76 i.s an elcctncatly corxluciwe matenal 

the support, thus, speeding the rale of binding reactions on coupled to solid-phase support 78. In ECL and other elec- 

the solid-pbase support. trochcmieal assays, electrical energy is suppUcd to solid- 

HG 5 iilustrales a particular cross-scclional view of an phase support 78 (woricing electrode) via clecmcal contact 

assay cell 60. Aaaay cell 60 includes a base 62 and a 76. Alternately, electrical oontact 76 is a metal contact on 

snmcarion device 64. PrefcraWy, base 62 compri.ses a rigid ^ sonication device 74 and device 74 a m elcctnca^y con- 

maieriaL A wcU 66 In base 62 contains assay reagents 65. diKUve material coupled to su^yon 78. Sinnbriy, elecirmie 

The inner surface of weU 66 may function as a solid-i&asc 82 (counter electrode) comp^ electrically conducUve 

support for reagents, sucb as binding reagcnls. In panioiUr, material coupled to reagents 84. 

a bottom interior surface of well 66 may comprise a solid- Solid-phase support 78 suj^wrts reagents 79, such as 

phase support material. Assay cells in the forafi of wells ^ binding reagents. In EO- assays, solid-phase support 78 

cooiprisiag ckctroaaive solid-phase supports, c.g.. fibril- preferably functions as an elecirode for inducing ECX 

plastic composite electrodes, for use in ECL assaj-s are among reagents 7» aod/or leagqnls 84, In an especuily 

described in copending US. application Ser. No. 08/932,110 preferred embodiment, solid-phase support 78 comprises s 

filed on even dale herewith, and PCT Aj^bcation No. fibril-polymer composite electrode. Preferably, solid-phase 

PCT/U$97,16!)42 (WO/98/12539) filed on even date 45 support 78 is mounted such that tiie transmission of soni- 

herewilh, both of which are incorporated by reference cation coergy from device 74 to base 72 is miniroiad. 

jjjgyg Alternatively, support 78 may be oiounted so that support 78 

Sonicatwn device 64 is a device for sonicating weU 66 transmit, sonication energy from Advice 74 via base 72 to 
aod is structuially coupled to a bottom surface of weU 66. It the eoUre surfaw of reaction enclosure 80. Support 78 aad 
is preferred that sonication device 64 comprises a pic20- 50 ^^^"^ ^ ^ preferably roupled to a power s^qpply (not 
elecuic sonication device. Device 64 is preferably controlled shown) lo create an electrochemical cell Assay cell 70 may 
by a sonicaiion coniroller (not shown) sucb as an electrical adOiiioDally include a reference elculn^ (nt>i:^wn) which 
cccliol circuit or the like. In an alternate embodimenU » io electrical contact wUb reagents 84. 
sooicatioa device 64 is attached to a probe (not shown) that Although device 74 is shown immediately abuiUng sup- 
is inserted into well 66 during an assay procedure. 55 port 78, a small space may exist between device 74 and 

In operation, reagents 65 aie introduced into weU 66 and si^ort 78 that allows device 74 to expand and contract or 

sonicaUon device 64 is energized to directly sonicate to otherwise move during somcaiion. 

reagents 65 via structural coupling through base 62, The Reaction eoclosure 80 is preferably a void m base 72 m 

sooicatioo causes leageuts 65 lo mix. i^ecdiug the rate of v4iicb reagoits W may be introduced aod subjctded to 

reaction among reagrats 65. Under circumslaQces where «> sonication to promote mixing and feacll(Mt. Altcmalivcly, 

wefl 66 holds binding reagents or other reagerus located at reaction enclosure 80 may comprise a separate endosuie, 

a solid-phase suppcrt^ the sonication may ahio increase the preferably comprising Udnsparenl material, coupled to base 

raie of mass^transport of reagents to and from the support, 72. 

thus, speeding ibc rale ofbinding reactions at the solid-piiatse In operation, regents 84 are introduced into reaction 

import- 65 eoclosure SOi, preferably via passage 81. Sonication device 

la ao aliemate endxxliment, assay cell 60 iocludcs a 74 is energized and direcdy sonicates support 78 which 

phiraliiy of wells 66 (not shown). Preferably, such wclU are Uansmits such energy to reageais 84. Depending upon the 
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mouotiog of support 78. somcUon energy may .bo be {«>«n«i«*S« "»^^ 

.xa Jed ioT^72 which coDdnete such eBogy to higpoietttrtbor cnrierts btnwen U« woi1ai« c^^ 

reaoioo endosufc 80. uid thus » f*>geiit3 84. Tte sonica- ekctiodc^ » souiw of ebcmal energy (e-g., a battery) 

Uon «.u«5 leagenis 84 u, mix, speeding the rale ofrcattioD atoog with assocH».«l eledruincs fw JnviDg *aac.Uon 

»^S^Li84andiheraieofniasJtr.Kferofre.gei«s 5 device 74; a device for i»a*«nj« light (e.B^ton.nl. 

84 toMid&om reagents 79 on support 78. Mier tube, one or more photodmdes. or CCD camera) 

mm sou uma toibwi ,*^'V. .. ttcDeraied w thin cndosuns 80 w unagms the wnienls of 

M «..i.pb^ ea*«4nieni of a bmdmg ^Vf^ g^. f„ s«nple haBdlingla.! processing; a 

ccU 70 in an ECL detection system described m ite ^'^^^,fo,s^,„c(«^„i,«a„,''data^lheriiig.aiid 

following. Reagenis M. iocludmg an eIecf,ocb«mli»^- ^^J^ fo, inlnXing r^nt 

oeoi moiety, «-8.. l"tod to aB^alj^ or ^JteXitfti^aJ reacts and removingw^ torn 

partner of an anaJytc, are introduced into eoelosure 80. The ~~Z.„^an 

presence of en analyle of interest in sampUsreaaems 84 wiU ci«3o$tiicw. ■ , „ ■ 
lead to increased oi decreased binding (directly or In sliU another alKmate cmbodunenl. sonicaUon devae 
indirecUy) of the clectrochemiluminesceDt moiety to 74 is removably aodtor lewisibly oot^led to conlwl 76. 
reaaenis 79 oo suppon 78. Sookation energy supplied by " Base 72. electrode contact 7<. support 78. enclosure 80 aod 
deWce 74 signffiemlly increases the rale of mass transfer of electrode 82 may together compnw a, ^parate. disposable 
reagcnis 84 towpport 78 and («»ents 19 iteteon. thereby assay cdl device. An assay system 100 for eooducimg CCL 
iD<:^»singthe.aleo£bindingr«aclionsbetweenieagents79 asays in a disp«*le cartndge 90 wth an mstiumeM 101 
and 84^d decieasbig the lime required to make an ECL is illusirated m HG. 7. Cartridge 90 includes a base 91. a 
nwasuremenu Elecukal energy is applied to stqiporl 78 to ^ Uiapbragm 92. a cuUDlerdecmxk 93. a reaclum encWe 
cause the electrocbemihimineseent moiety to luminesce. 94, a sample port 95. eleclijcal leads 96, awl a reference 
The light produced by tho ECL leaaioo may be mcasuicd clcetrodc 99. Instrwncnl 101 includes a caitndgc fcwplaelc 
whileloQicaiion device 74 operates or theresflet. i08,alighldetectaraDdybrin)aglBgdeviceWK.aneleclncal 
, . j„ f«„ cooneetor 103, a source of eiectncal energy for applymg a 

sh^r^;^"ir.:^.i;i.iVar4^^ - 

auuwuy i» , . . a on *^ tmdcj( 104* a somcanon device 105; a source ot eiectncal 

reieciiiB 84 are introduced into rcacuon enclosure 80 lo '™-^ 'ry a fimitauun uc . 

•v*6vww w-r «v a»* enefcv 106 for dnvme sooicaUon device 105; ana a oucro- 

inicnnU at a sigDificamly faster rate than W)uWooct»r in the and as^^ 

absence of soScalioa. Ihc intcimixcd reagents may react, ^ Dii^hragm «2 is an etedncaUy conductive sohd-plia^ 
c.g, with each other and/w wiib reagents 79 on a solkJ- support (ot reagents such as buiding reagents, and 
phase support, or other reagents may then be added to the functions as a working electrode. In a preferred 
mixture <ind also inlurmixed and allowed to react embodtaKnt. diaphragm 92 is a (IM-polymer composite 

a has been noted that the interior surfaces of reaction ^ electrode and reagents S^TAcomprise binding t?*^J[°^ 
endosurc 80 may become coated with a substance (not ^ as anlibodios, nucleic acids, Wrs, cte. ^mmoM^d 
shown) thai intecferts with a desired assay reaction. Jliis thereon. In ^ ^^ally P^^^J^ ^^'^^Z'^tJ!^^^^ 
interfering subsiancc may include a contaminant, ccUular re-e^ots specie ^^^^ ^ P'^'^f^^^^^^ 

^bris. T non-specifically bound reagent, a reaction binding domains on diaphrapn 92. Base M is prefcrabfc^ a 
Sp^ or thTSe. In yet another embodiment of the ^ rigid and tran5parem material such as a^^ 
p^Tinvention, scnication device 74 is activated to ^ ^^^^^^'fTTt^'^f'JI^^^^^ 
Lnove sudi an interfering substance ixom reactioD enclo- enclosure 94 to be detected by <Jciector 102. Base 91 u» 
sure m Sonicaiion energy provided by soaication device 74 shaped to define reaction endo^ire M and ^mpte port 95, 
is Uansmiitcd to cQdosuro 80 and is utilized to remove the. Diaphragm 92 is preferably sealed to base 91. 
imerferipg substances from the interior surfaces of enclosure Electrical leads 96 arc electrical contacts providing elec- 
80 Sooication increases the rate of mass transport at the trical coupUng to diaphragm 92, to counter electtode 93, and 
siuh<x& to refefcoce electiodc 99. Preferably, diaphragm 92 is 

AS an'example, an ECL assay process invoKang binding mounted such that the ua^ission P^^^ffr^^'^ 
reactions at ai elcctioadive solid-phase support 78 may from device 105 to base 91 is nunnrnzed AUenmt vely, 
Slude a cleaning cycle invoKing ictivatiZTf device 74 ^ diaphragm 92 may be J.^^^ 
before and/or after a binding reaction to propeiiy prepare rnm somcaUoo energy from device 105 to baa 91, and 
^a«mort78(workingelccUode)aiidAirdectr^ ^^^^ ^ ^ of reaOion enclosure 94. 

electrode) for electrical inducement of ECL. Such a cleaning Preferably, reaction enclosure 94 is partially defiocd by 
cycle may involve Ac addition of a cleaning sohition to the inner surface of base 91. Alternatively, reaction cnclo- 
reidiOD coctosure 80. 55 sure 94 may comprise a scparaic enclosure made of a 

As wUl be apparent to one of ordinary skiU, assay ccU 70 uansparent malcriaJ which couples to base 91. 
is also advantageouRly employed in nniJ.Ea.ba.*wjd assays, Cmimer electrode 93 te preferably an ekcincally conduc 
especially binding assays. Components of cell 70 related lo live material, such as metal. Kcfcreoce electrode 99 is 
the cfcclrocheraical cxdlatioa of ECLlabds may be omitted preferably an Ag/AgCl reference electrode. Bectxodes 93 
from cell 70 or remain unused in connection with a.'Kays that « 99 are located within ha« 91 . are coupled to leads 96, 
do not require electrochemical reactions Similarly, some and are adapted to be in electrical conUct with reagents 98. 
detection tedmiquos may require the additbn lo cell 70 of Optionally, reference electrode 98 may be omitted. Aperture 
technique-spedfic components, e.g., a light source for fluo- 95 is preferably adapted for insertion of sample material 
rcsccDce or colorometric measurements. {e g-, reagents 98) via a smaU tub* (not shown), such as a 

An instrument for conducting ECL assays that indodcs 65 capillary lube. 
ceU 70 may also incfaide, but is not limited to, one or more The im«r surface of ioslrument 101 is addled to receive 
of the following: a source of cicclrical energy (e.g., a and align caruidgc 90 and its oomponeuls with rcoeptaclc 



us 6,413,783 Bl 
17 18 

108 and us couolcipart components, includiog sonicatioa of mass transtcr of reagpots 9fwdht 97B to *^HPOrtW, 

^irlot ckctricil c^oimcSiots 103 and dciccior m ihcitby mcre^sing the rat. of ^^^^^^^^.^^^ 

Prefcf^ly,detcctor 1C2 is an army of deteciore(c,g, a CCD reagpnis 97A and componcots of reagcate STB and 9«. and 

a phuludiudc anay) 'lhal can imag. light du:rtasing the lime jcqui^ ^ "J^^^ 

emiiied during an ECL rcaciibn at the woridng electrode, s Electrical energy is applied lo ^'»P^»8^^ *2 and to elcc. 

DeUor 102may be a single detector such as a pbotomul- Ixodes 93. by so^ce 104 via connector 103 and leads 9^ to 

liplici tube, a pboludiocfcTi ihe Kke. Inseition of caitiidgc uiusc eb«:troch.mfluaHn^Dl mo«^^^ 

90 in in*mimenl 101 afigns detector 102 with base 91 such 97B aDdA)r 98 to Imninesce The Ughl prwJ»«d by the ECL 

that detector 102 is positioned to detect much of the light reaction may be measured (or imaged) wbUc somcaUon 

produced within enclosure 94. « device 105 operates or ibereaftcr. 

Sonicalion device 105 is a device for sonicating dia- Microproossor 107 controls the <j.cratM» of souipc^^ 

phntgm 92^iricb transmits the somcatioo cce^y lo reagents and 106 and receives intensity data from detector 102 along 

98 contained in reaction enclosure 94. Insertion of cartridge with voltage and/or cunenl data from source IW. Micn^ 

90 in instrument 101 prefcrably ali^ device 105 with the processor 107 aaalyjxs.aod may store, the received data and 

cemerofdiaphragm 92 such dia device 105 may be moved ^5 preferably produces a coriespondipg output for ptovisi 

into contact with diaphragm 92. li^rtion of cartridge 90 in a user or to another device (not shown). Preferably, uj^n 

instrument 101 causes sonicalioo device 105 to be structui- completion of data collection, mjcroptoocssor 107 oolihes 

aDy coupled to diaphragm 92. it is preferred that sonicalion the user dial cartridge 90 may be removed from mstrumenl 

device 105 comprises a piezoelectric sonicatioa device that 101. Upon receiving such aotificaticm from microprocessor 

may include a piston. Preferably, sonicalion device 105 is 20 107. or otherwise determining that assay data «inccUun k 

movable to achieve oonUrt with diaphragni 92 when car- complete, the cartridge 90 is removed from device 101 and 

tridgc 90 is inserted into instrument 101. suitably disposed of or recycled. 

Upon insertion of cartridge 90 into receptacle 108, elec- lo an alternate embodiment of system 100, that portion of 

irical leads 96 arc coupled to electrical conooctiOTS 103. The leads 96 coupled to diaphragm 92 is omitu:d and an elcc- 

souTcc of cledrical energy 10* may be a oontioIUble vdiage ^ trical connection is added between source 104 and sonica- 

or current source adapted for contfd by microprocessor 107. Uon device 105. Accoidii^y, the corre^ndmg connecUon 

Alternatively, if cartridge 90 inchidcs a reference electrode. of connector 103 may also be omitted. To this embodimenl. 

source 104 is preferably a poieniiosut. sonicalion device 105 fundioDS as the ekciricil connection 

Qiatrolkd energy source 106 ispicferably a convcnUoual to diaphrigin 92. When cartridge 90 is inserted into instru- 

controllable electiSnic circuit drivkig device for controlling ^ meni 101. ekctncal energy rs provided thmugb somcaUOQ 

^operation of «,aicalion device 105. Operation of sotjrce device 105 to reagenU 98 via <J«l^*^,'t^^,W^^; 

106 h cootrulkd by micrupioccssor 107. Micit^)TOcessor tion of ekctncal energy may or may not be amuliancous 

107 is a convenUonal processor device, sudi as a software- with tbc applicaUon of homcaUon energy, 
programmed microprocessor, a microcontroller, or the like. In an aUcmalc embodiment, diaphragm 92 and/or cnclo- 
MicropiTOJssor 107 conliols the operaUon of detector 102 sure 94 are ptc<oated with a reagent or the like. Somcadon 
and energy sources 104 and 106, and receives intensity daU of etedrodc 92 may cause such reagent to loosen, allowmg 
from detector 102 along with voltage and/or cunrcnt data the reagent to mix widi reagents 98 within enclosure 94. 
from source 104. Preferably, micrc^mccssor 107 ts addi- lo another alternative embodiment, a dry reagent 97B ifi 
tionally capable of processing the assay data and providing ^ prcsiored in reaction cndosure 94 and liquid reagents 98 arc 
a corresponding output to a user and^or to another device. introduced into reaction enclosure 94 to directly contact dry 

In operation, a sample comprising reagents 98 is intra- reagent 97B. Upon activation of sonicalion device 105, dry 

duced via sample ink! port 95 into reaction enclosure 94. reagent 97B and liquid reagent 98 inUrmix at a significantly 

The regents required for conducdng an ECL assay may faster rale than in the absence of sonication energy. The 

already have been added to the sample. Said reagents 45 intermixed reagents may react e.g.. with each other and/6r 

inchidc: ECL corcagents (c.g^ tripropylamine). ECL raoi- with reagents on a solid-phase support 92, or aooibcr reagent 

eties(e.g.,Ru(lIXbpy)3 or derivatives, preferably linked to may then be added and also inlcnnixcd. In a difficreni 

an analyte or the binding partner of an analyte), bk)cking erabodimcnt. reagent 97B is omitted, 

agents (e.g., BSA), bulTejs, cxcipients, additives, prcserva- The interior surfaces of reaction enclosure 94 may 

lives and the like. In a preferred embodiment, the cartridge ^ become coated vdth a substance that interferes with ao assay. 

IS prestored with some or all of the reagents required to This interfering subeilance may include a cuntaminanl, cel- 

cuoduct an assay, shown as rcageiUi^ 97B. In an especially lular debris, a non-spccifically bound reag^ a reaction 

preferred embodiment, reagents 97B arc stored in a dry form byproduct, or the like. In yet another cmbo<£ment of the 

within reaction enclosure 94. invention, sonication device 105 is activated and the sonl- 

lb conduct an assay, cartridge 90 is placed in instrument 55 cation energy removes the interfering substances from the 

101. sonication dc\-icc 105 is sinicturaUy cot^lcd to dia- interior surfaces of enclosure 94 by sonicating such sub- 

phr^ 92, and device 105 activated by source 106 to stances to loosen or by causing increasing the rate of ma5& 

SOTicatc diaphragm 92. Sonicalion energy is then transmit- tran^rt at the surfaces, l-or example, an ECL assay may 

ted through diaphragm 92 to reagents 98. Dependit^ upon use dcaning cycles involving activaiion oi device 105 

the mourning of diaphragm 92. sonicalion energy may ateo Iwfore arxi/or after Ihe binding reaction to properly prepare 

be transmitted to base 91 which will conduct such energy to Ihe electrode for the excitation of ECL 'Rjeso cleaning 

reaction enctoswe 94, and thus to reagents 98. cycles may involve adding to reaction enclosure 94 a 

Tlic sonication causes reagents 98 and reagents 97B to cleaning sohition which assists in loosening sudi interfering 

mix, speeding the rate of reaction among components . substaiiccs. 

reagents 98 and'or 97B and the rate of mass trwsfer of &5 In still another alternate embodiment, sonication device 

reagents 98 and/'or 97B to and from diaphragm 92. Sonica- 105 and source 106 are omitted from inslrumcm 101 and 

lion energy from device 105 significantly increases the rate diaphragm 92 additionally conipriscs a sonication device 
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likedevice 105. Fufthet. source X04 incoipowtes (be func- The disc was washed witophcsplute buffo «i^pl»ce^^ 

^^rfM^oe loTElearical power to^ source 104io ckct»chemiad ceU designed for mewm^ECL. Tie aa 

SrheStioodevicc of <C>,agm « « conducted w^faWwithORIGENAssoy BuftrOGEN. Intemahond 

. ^ iA» ™i oit and Ijbe ooltnlud of the wmposalc was scanned fiom 0 lo 

~r jW.^! c^Tt^^^ b«U^nd^Pd.«ra.ioedf.«.a«.b«^ofAFP 

sucbasBys.aDd wUlaI»pro«*reprodu^^^ «ad5rt*^lpterwr3^ times faster when somcaUoD 

IZ^ ^rjt ™ter=rrng fc^Twr^pplicd (pic^lccrie ,ransd«cor "on") as 

pared to smgle-point ECL measurcmcnis. qucncy range- 

iTYAMm p« Example 3 

Incieasing tbc Rates ot Binding Reavliomi at a SaUd-Pbaase 
Exan^le 1 Si^rport with Sonication: Use of an ECL CfeU Instrument 

Freparalion of Hbril-Fiastic Ooroposites ^ with an Integrated Piezoelectric Sooicalion Device 

Composite plastic raaicr iaU compnaing carbon fibrik in a EVA-fibrfl composite was treated wiih a watcr-sahuatcd 
polymex matrix were prepared by meibods aaatogons to argon plasma and coated with an anU-A>P antibody 
tbose described in copending VS. applicalicaj Ser. No. (Bocringcr-Mannhcim) as described in Example 1. A 10x15 
Oa/932,110 filed on even date herewith, and PCT Applica- mm recungle of the cnmpoeatc was placed in an EH. cell 
tion No. PCr/US97/16942 CW098/12535) filed on even ^ (see HO. 6). 

date herewith, both of whicb arc incorporated by reference The sample (10 uL) and a solution containing a TAGl- 
above. To give a better understanding of the followiag Uibeled anii-AFP antibody (Bocringer-Mannheim, 50 iiL, 12 
examples, a brief dcscripiioo of the steps for preparing ihc ug^mL) were ooirdjined and introdaced into the cell. The 
composites used in the examples is provided Carbon fibrils bindmg reaaion was aDowed to proceed for 3 minutes 
(Hypcrioa Catalysis) were compounded with pol><cthylene. ^ duriug which lime a piezoelearic transducer (sonicatioa 
co-vinyl acetate) (EVA) and the lesolting composite material generator) was driven at its resonance frequency (47 KHz) 
was extruded into sheets. The sheets ^kere oxidized with at a power of approximately 2.5 Hie transducer was 
chromic acid to oxposc carbon fibrBs near the surface and lo turned off, the ccU was flushed with ORIGEN Assay Buffer 
introduce carboxylic acid groups. Ptoiein was immobilized (IGEN, Iniematiooal), and ibe v-ollage at the composite was 
on the composiic'by activation of the caiboxylic acid groups ^ ramped f/oui 0 to -0^ to 12 V (vs. Ag/AgO) at a rale of 0.1 
with ethy Wimethyipropyl.cartx)diimidc (EDQ in the pres- V^s. The difference between tiw integrated ECL signal (S) 
cncc of N-bydroxysuccinimidc (NHS) followed by treat* obtained fw samples containiQg known conocnlrotioTB of 
meot with the protein in a sUghUy basic buffered solutioo. In AFP and the background signal (B) dciermincd for in the 
an alternate procedure, proicias were imrnobnired by non- absence of AFP is shown in FIG. 9 (wbere the signab are 
covalent adsorption on composite sheets thai had been provided using a rclalivc scale of inicnaiy). The assay 
treated with a plasma formed from water-saturated aigon. dcmoDstiated a dynamic range of greater ihan three orders of 

magnitude and precision of ^5% or better. 

Example H 

Increasing ibc Rates of Binding Reactions at a SoUd-Pbase Example 4 

Support with Sonication: Use of a Low-Power Picxoclecuic « The Binding Kinetics (or Foraiation of a Sandwich Immu- 

gy^zcT nocomplex on a Solid-Phase Supporl: The Effect of Sooi- 

Streplavidia was immobilized onto chromic acid-oxidkcd caibn on an AFP Assay 
EVA-fibril composite as described in Example 1, A Vii inch The kinetics of the binding rcacUon of the AFP assay 
diameter disc cut from this material was placed in the well descrfced in Example 3 were detemjined by varymg the 
formed by placing a gasket on a luw-powcr U>w-£requ«icy so incubaliwj time allowed for the formalbn of the sandwich 
acoustic piezoclcctriclransduoer.TVeatmcal of the disc with immiinooonq>Iex on the composite. A sample containing 
a sohilion containing a bioUn-labclcd a-Fctoprotcin (anti- AFP at a concentration of 59 lU/mL was used in these 
AFP) antibody (Bocringcr-Mannhcim, 50 ul ^ 41 nM) led to experimcntv Two sets of experiments were conducted. In 
imniobilizaUon of the antibody. The binding reaction was one set of experiments sonication energy was applied (the 
essentially compleie in 3 minutes upon sonication by the 55 piecoeleclric transducer was activated) during the incuba- 
pic70clcclric iransdttccr. The extent of the reacrion was tion time for the binding reactions, while in the other set, 
determined using a biolin- and lAGl-labelcd anubody and sonication energy was M w^cd (the piezoelectric trans- 
measuring bound antibodv by ECL. The same reaction took ducer was not activated). 

more thanSOminuieswhra mass-tmnsport occurred through FIG. 10 shows the intctjsity of ihc ECL (on a relative 
diffusion alone that is, without sonication. 60 intensit)' scale) that was measured as a function of the lime 

The antibody<oated composite was washed with 50 mM allowed for the formation of the immunocomplex. The 
phosrfjate* pH 7.5. To assay for a-Fetoprotein (AFP) in a measured ECL signal (for a given incubation time) was 
sample, a sohiuon containing a TAGMabckjd secondary Urger for those samples that had sonicalioo energy appUed 
antibody directed against AFP (Bocringer-Mannhcim, 50 during the incubation period than for those samples that did 
uU 12 ugAnL) followed by the sample (10 uL) were added 65 oot. Since the magnitude of the measured ECL signal 
to tbc well. The piexx3cle<iric Uansduccr was used to soni- increases with increased binding (to form more sandwich 
catc the composite and solution for a period of 5 minutes. iramunooompleics), these results clearly stow that scnica- 
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Uon of the assay sifimficauUy inotascs ibc raic of ihc 8. Ad apparatus for use in cciying out a bindir^ assay, 

binding rticiions. Using tht sU^ of the Uoe conaecting the oompriaag: 

first two points as a rough indication of the rale of binding, (a) a cell compriang one or more solid phase aippons, 

the rale ehhimccmcnt aUribulablc to sonicatiun was gryatcr said supports having binding reagents immobilized and 

than a factor of 7. The plot also shows thai the thrcc-minule 5 pauctncd thereon into a plurality of distinct binding 

«ssoy described in Example 3 is a kinetic assay (in that dntnains wherein at Icaa one of said binding domains 

period of lime the bimJii^ is appioximately ooc-lMid to comprises biixliflg reagents dififcriogta^ificiiy from 

oce-balf complete); after 10 minutes, the reaction is csseO' at least one other binding domain; and 

tialljf complete. a sonication device, stmcturaUy coupled to said cell, for 

, ^ sunicaling uinitnb of said cell. 

Example 3 ^1,^^ 9. An apparatus as recited in daim 8, wherein said one or 

Use of PiezoclmricTVansdnc^ totoa^ the Rate o soUd phase supports is structurally coupled, through a 

TYansport to andM fcom an Elecm>de Dimn^ an E^- ^.^ JiT^^ sonicaiion device Ibr sonicling 

cbexmcal Reaction: Somcauoo of FiM-EVA Composilc ^^^^^ 

Electrodes During the Exatauon of ECL ^ apparatus for use in carrying out a binding assay. 

An uotrcatedBVA-iibril composite electrode was placed ^'vT^T*' ^ ^ * ' 

in the ECL cell described in Example 3. The ccU was filled compfsn'P ^ 

^tb a 10 so^ of Ru(nXbpy)3 in ORIGEN A^y W a ccU compn^ng one or mon= sohd phase supports, 

Cer S^mernaliooal) ECt was excited from the ^ "^"^ 

iX'by^bg the compoite electrode from 0 to 4X8 lo ^ anmobiUzed thereon formmg one or more bmdmg 

23 V (vs. Ag/^MO) The integrated ECL signal measured doman»;and . ^ „ 

with a PMT in the absence of mixing was 1332 on a relaUve (b) a sonication device, structurally coupled lo said ccU. 

intensity scale. Under the same condiUois, but with som« for sonicating contents of said cell, 

cation (the picznelcctfic transducer turned •^on"). the inte- wherein said one or more solid phase supports is sinicturally 

grated ECL fflgnal was 3086 on a relative iniensiiy scale. 35 coupled, through a surface of said ccU. to said somcation 

Sonication, thercfoic, caused ECL intensity to molt than device for sonicatii® the ooatcnts of said ct]l 

^yjjjg U. An ^aratus as recited in claim 10, wbcrem said 

Al&ough ilhistrativo embodiments of the present inven- binding reagents are patterned on said soUd phase supports 
lion ami modifications tbctBof have been described ic deiaO to focm said one or more binding domains and at least one 
herein, it is to be understood thai this invention is not limited ^ of said binding domains comprises binding reagents differ- 
to these precise embodiments and modifications, and that ing in ^cificiiy from at least one other binding domaia 
other modifications and variations may be cfTecled ibertin 12. An apparatus as nxiled in claims 1, 8 or 10, wbercm 
by one skilled in the art without departing from ihe scope said sonication device is a piezoelectric devjce. 
and spirit of the invention as defined by the iq>pcndcd 13. An apparatus as recited in claims 1, « or 10, said cell 
gl jjj^ ^5 further inchiding thin c^ilUrics, wherein operation of said 

What is claimed is: stwiication device increases the rate of fluid flow through 

1; An apparahis for use in carrying out a binding assay said thin capiUarics. 

comprising' 1*- apparatus according lo claims 1, 8 or 10, further 

(a) a ecu comprising one or more elcarodcs having cwnprising a light deUctor for detecting luminescence from 

binding reagents immobflizedlhcrecm so as to form one 40 sai<icc^* ^ ^ . 

or more binding domains; and 15. An apparams as recited m daims 1, 8 or 10. wherem 

(b) a sonicaUon device, suucturally coupled to said cell, said hinmng reagenteare elected bom the group cons^tmg 
forZ^ting the contents of sdd cl of antibodies, antibody fragments, enzymes, nucleic acids 

2.Anapparaiusasrcdtcdinclaiml,wber^^^ w'^SS'l^aratus as ledted in clai^ 

reagentsarepattermdonsaidoneormoreekcuc^ 45 ^;' '^,^3 ^^tccts specif 

said one or more bmdmg domams and at least one of said ™" t4*t«u**»-- mw^ww .a^/.^^^ ^ 

»a«clc^U^«^yc^^^^^ « -,f^.^l°^'^SbSaia«Mor 10. wherein 

said ceil, to satd sonicatioo device tor soflKatmg tne COO- . . , * • rr t%nn\ , ia >• 

2MUU wcu, IV 3«u isumv*«u« sonicttttun device has a power of from 0.00 1 to 10 walls. 

''tAni^arT.i^rcdtedind.hnl.wlH.^ins.idb^^^^^ ^.An,pf.^r^<^ina^'nsl.*o.l0.^i.T^ 

re,fi*n«,«p»a.medc>ns^dQneormoreel«^»lofon^ '^'^^J'^^.^iici in claim 1. « or 10. whcio 

said one or more bitiding domiins ind al kaa one of said S5 f" . : " ~~ 

M^inTdnmaios c»mpL, binding reagents differing in sari »™ct,on devKe « an 

specifidly fn»n al kai one olher biodiog domain. «• Af »PP»ratus a> relied >odixnB 1, 8 or W. whcnan 

'5.Anw«««as«citedind.iml.X:.in«idoneor "^"T ^^tl^^fl I «o,lO wheni, 

more el^es comprise a crbon-coniaining poiymer »• ^ *mr^ ^ » L » 

corapoaiie. r,r 23. An apparatus as recited in claims 1, 8 or 10, wherein 

6. An aonarattts as rcatcd m daim 1, wnerem said one or „ " 

w. rtn apt*«o»» w . ' Said ccU comwiscs a 96 well plate or a 384 well plate. 

T^t^^^^rJ^Sr^S^oneor 24. An app^ for »« in Ung o». a binding a^sa, 

more electrodes are working electrodes and said coU farther comprismg: 
comprises one or more counter electrodes that cooperate 65 W a cell; 

with said one or more working electrodes to conduct elec- (b) a sonication device, structurally coupled to said cell, 

ifocfaemiluraiacscttnecc assa>-5. for sonicating the contents of said cell; and 
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(c) ooeor mwt soKd phase supports, said supports baving (a) one cff more solid pbasc siqjports having one ur more 

one or more binding doinains fonned tbereoa, teiKling domam& fonned lltcrcon; aod 

wherein said sonication device is an electromagaelic aclua- (b) mcins, siroctuTally coupled to saki one or more solid 

((,j>, phase supports or to said cell, for sonicating contents of 

25. An apparatus for use in carrying oui a biodiag assay 5 said cell, 

comprising a cell, said cell comprising: wherein said one or more solid-phase supports comprise a 

(a) one or more solid phase supports having one or more carboa-comainiag polymer composite. 

binding domains formed (hereon and wherein said one 37 apparatus for use in carrying out a binding assay 

or more solid phase supports are woricmg elccttodcs; uomprisiBg a wU, said ccU uxopitsiDg: 

(b) means, structurally coupled to said one or more soKd ^ ^ supports having one or more 
phascsupportsoftoMidcell,forsoojcatirigconlenteof hio^ domains foim©d thereon; and 

said ocU; and means, structurally coupled to said one or more solid 

(c) one or more counter electrodes, supports or to said cell, for sonicating contents of 
wherein said one or more working clccwodei and said one ^^jj 

or more counter elccirodes cooperate lo conduct electro. ^'^^^ ^ solid-phase supports comprise 

chemiluminescciice assays fibriH)oiymer composites. 

26. An apparatus as Kcitcd m claim 25, said ceil nirtnei ' . • . i.*-^:— 
includ^ ihTn capiUancs. wherein operation of said sonica- 38- An apparatus for use m carrying out a bjndmg assay, 
tion means increases the rate of fluid Sow through said thin ^ oompnang. 

capillaries. ^ (a) a ceO; 

27. An apparatus as recited in claim 25, wherem said ^ sonication device, structurally coupled to said cell, 
apparatus detects specific binding reactions within said cell- fionicaiing contents of said cell; and 

28. An apparatus as recited b daiui 25, wherein said (c) one or more solid pbasc sunwrts, said supports having 
sonication meacs is t piezoelectric device. ^5 one or more binding domains formed thereon, 

29. An apparatus as recited in clam» 25, whciem said. 

sonicaiion means is an clectrwnagnetic actuator. " wm^a^ 0 ^mi^ j 

30. An apparatus as recited in claim 25, wherein said 39. An apparatus &>r use m carrymg out a bmdmg assay, 
binding domains inchidc binding reagents selected from the coroprisiog: 

group consisting of antibodies antibody fragments ^ (a) a cell; (b) a sonication device, struaurally coupled to 

enzymes, nucleic adds and receptors. said cell, for sooicatiag conteitts of sakl ceE; aixl 

31. An apparatus eas recited in claim 25, wherein said ^^j^ ^y^^ pjj^gg supports, said supports having 
sonication means is capable of providir^ sonication cncigy qj binding domains fonned lbercon» 
al&om0.1lolO,tKWkHz. . • wherein said ceil comprises a well plate. 

32. An apparatus as recited m claim 25, wherem wud „ " , . . . a- 
sonicatioD has a power of &om aOOl to 10 walls. ^ 40. An apparatus f<» use m carrymg out a bmdmg assay, 

33. An apparatus as recited in claim 25, fnr&er compris- aifmprisiog: 
ing a ligjrt detector for detecting or measuring himinesceoce (^) a cell; 

emitted within said ccU. ^ sonication device, structurally coupled to said cell, 

34. An apparatus as redtcd in claim 25. wherein said one ^ sonicating contents of said cellj and 

or more solid-phase supports comprise a carboo^;ootaitting ^^^^^^ ^^^^ suK>orts having 

polymer coroposue. . , . , . . . . , , one or more binding domains formed tbcteon, 

35. An apparatus as recited m claim 25, wherem said one ,^ . 7 n t . 10^ 

or more supports comprise fibril^nilymer com- wherem said ceU comprises a 96 weU plate or a 384 weU 

posiles. 45 P^**"- 

36. An apparatus for use in carrying out a binding assay 

comprising a cell, said cell comprising: * » ♦ * « 



TABB 



KU2579IS6.I 



CURTIS, MORRIS SAFFORD, P-C. 
530 Fifth Avenue 
New York, Hew York 10036 
Tel. (212) 840-3333 



Date: September 17, 1997 
Re: 370208-6220 

(Attoaepo^eiNo.) 

TO: ASSISTANT COMMISSIONER FOR PATENTS 
Box PATENT APPLICATION 
Washington/ D.C. 20231 

Sir: 

with reference to the filing in the United States Patent and 
Trademark Office of an application for patent in the names of: 

WOHLSTADTER et al. 

entitled: Assay Sonication Apparatus and Met hodoloav. 

X This is an application of a small entity under 37 CFR 
1*9 (f) and the amounts shown in peurentheses below have 
been employed in calculating the fee, 

Small Entity Verified Statement is enclosed. 

The following are enclosed: 

X Specification 

X 41 Claims (including Ifi independent claims) 

This application contains multiple dependent claim(s) . 

Oath or Declaration and Power of Attorney 

X 7 Sheets of Drawings 

X Our check for S 940.00 . calculated as follows: 
Basic Fee 

?770,00 (385.00) • $385.00 



Total Number of Claims in excess 
of 20 at $22-00 (11-00) each 



275.00 



Number of independent Claims in 
excess of 3 at $80.00 (40.00) each 



280.00 



Multiple Dependent Claim Fee 
at $260,00 (130.00) 



000»00 



Total Filing Fee 



$940.00 



Assignment Recording Fee $40.00 (+$40,00 for 

each additional patent in the assignment), 00.00 

Recordation Form Cover Sheet - 

Certified copy of the following application to 

substantiate the claim for priority made in the Declaration: 

this application is claiming priority from: 

U.S. Appln. No. filed - hereby 

incorporated by reference. 



Please charge any additional fees required for the filing of 
this application or credit any overpayment to Deposit Account No. 
03-3925. A duplicate copy of this letter is enclosed. 



Respectfully submitted, 



CtmTIS, MORRIS & SAFFORD, P.C. 



Attorneys for Applicants 




In Duplicate 



Full name of first joint inventor: WQHL gTAPTER , Jacob N. 

Residence : 99QS Gable Pidae Terrace, kot. D 

Rockville. Marvlang 3 20850, V.S.A. 

Citizenship: iks. -national . 

Full name of second joint inventor: WILBUR. James 

Residence : 13636 Spinning Wheel Drive 

Germantovn, Maryland 20874 . D^S.A. 

Citizenship : U.S. national : 

Full name of third joint inventor: SIGALp George 

Res idence : 5333 Trail vay Drive 

Rockville, Maryland 20853, U.S.A. 

Citizenship: U.S. national 

Full name of fourth joint inventor: MARTIN > Mark 

Residence : 65i6 old Farm Court 

Rockville, Maryland 20852, U.S.A- 

Citizenship: U-S. national 

Full name of fifth joint inventor: FISCHER, Alan 

Residence : 8Q Antrim Street 

Cambridge. Massachusetts 02 139, U.S.A. 

Citizenship : U.S. national . 

Full name of sixth joint inventor: HEii4S. Larry R. 

Residence : 18036 cottage Gard en Drive > Aot. 103 

Germantown . Maryland 20874, U.S. A, 

Citizenship : u.s. national 

Full name of seventh joint inventor: iPARVARIi R^^njn 

Residence : 1603 Sterns Hill Road 

Waltham. Massachus etts 02154. U.S.A. 

Citizenship : U.S> national 



Attorney Docket No. 370208-6220 

New Patent Application filed September 17/ 1997, entitled: 
ASSAY SONICATIOM APPARATUS A»l> HETHODOIOGY . 

Express Mail No.: EM381172151US 
Date of Deposit: September 17, 1997 

I hereby certify that this application is being 

deposited with the United States Postal Service "Express Mail 

Post Office to Addressee" service under 37 CPR 1.10 on the 

date indicated above and is addressed to: 

Box Patent Application 

Assistant Commissioner for Patents 

Washington, D.C. 20231. 




TABC 



TABD 



KL3 2imidi 



SdalNa 



11 tic in tbc irhcttr of ihe .-^katktt of ^ 

The foUoiviigdue • m dx:U5. 

Q Affidavit D PcdanttfTn 

O Amendment 



^ Dqwdt Account CXdcrFomi 

^ DoMog JZ- Sheets) 
a b&xfiaitonnsdoeuttSuicmcnt 

□ PIOFaml449 

□ Issue FceTiansdttal 

□ Brief DLetitf 



□ PrdQimnfljyABoendflowt 
Q Arcnite^Afta'rittJJ^iccdoa 

□ Re^iesforEaaTOoaofllzDe 
a Ptowstowll^mtAppIjcariQn 
^ A{Kik^ for P^ceni, ^«^c^ 

□ Asa^Mil □ RccmbtkmCcwcrSliert U — " 



EI13flll721SlUS 



ScdalNo. 

Tittc In thrMitter of the Afpticatuni of 
The fdltiwingduc — in the U3. Fatcm OCnOjUas receiii 
G Affidavit GDedaia^ 
Q Amendment 
Q PirdinsnaryAnicndixtit 
O Amendment After nnaJRcjettica 
O Keqpesi for Extension of lioE 
O pcv»omI l^aaem Apfdjcan^ 
.Q^KmilicaCicnfor Patmt, ^it^Bng 

£_ SpedScatiGnX^ CS^ms 
D bxtakn □ (Ml □ Pbi^ir 
G ile(fienforJi&ngC(ntiDaadcn<xI)K 

Af^iiicatkn . sheets, in triplicate 

Q FdcWi^pperCominuaiistfiBatcnl 

shsess in difilicate 

G PCTA«}uest iiKets,indut£i^ 

□ TiBnsinttB) Utter to the US/RO 
G Asa^Hnoit □ RccwdationCo^tr Sheet 




Sheei(s) ^tn 
losure Statement 



G Utier 
itionfQrlMRe^ji^ticn 
Spedmem 



s Kequest Q Notice of Appfi 
don □ Itcspcrae 
Tftiodty Document 
G Small HntityCbdarauon 
G 




TABE 



KL3 2ST9I56.I 




CURTIS, MOHWS ft SAFFORO, P.C. 



DETACH AMD BSTMH THIS STATEICENr 
ncAnACHs c»GCK)S« PAYhEifr OF rrais DEfiCflsa)^^ 

. f fgOT CORftTCT Pl£A6E WnFi US PftOWtFRY^ NO RBCSPT 06B9m 



SERIAL KO^ 



Assay Sonicati on Appafcatus and KethQdnlQQy 



□ fEEFOAAOOeSCUftlS V 

□ BASE ISSUE FEE. - -J*. 

□ ADOmONALffiSUEFEE ''r^/,^^^^ 

□ PEmiOHFEE v----V^t^li'i^= 
O ApreAi.ra * '/S : 

□ cemiacATHoifcxmRECTioN:: 

Q. ©SCUMMSl " •" - T r'^^ ■ 

□ I«OOR0OIQ FK_^.. J^;:_V . : 

□ DRAWNGCOBRHTOH 

□ coMwwisoMFEE 



O SECanytOECURATRDNFEE 

O wyroeoFOPPOsmoN 

□ PETTnO^FORCANCaiATUm 
Q TMRENEWM 

□ _ 

□ . 

n : 



piEASe oWMSMtf Arwixww. Fffis Oft crerxr OVER PAyveHnoo&osnfccovtn ho. 00.3825. 



PTOySB/44(05^3) 
Approvwi for use throogh 01/31/2004. OMB 0651-0033 
U S Patent and Tradcraaik OfBce; U.S. DEPARTMENT OF COMMERCE 
Under the Papci^ortc Redaction Aet of 1995. no persons arc r«j«ired to respond to «coUection of mformation unless *^<'«P''^ »^^*J^^^7SS 



PATENT NO 

DATED 

INVENTOR<S): 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

6,413,783 Bl 

September 17, 1997 

Jacob N. Wohlstadter et ah 



it is certified that error appears in the above-identified patent and that said Letters 
Patent is hereby corrected as shown below: 

Patent cover, parenthesis 22, change filing date "Sep. 18, 1997" to - Sep. 17, 1997-. 



MAILING ADDRESS OF SENDER: 

Maiy W. Richardson 
Reg. No. 48320 

Kramer Levin Kaftalis & Frankd LLP 
1 1 77 Avenue of the Americas 
New York. New York 10036 



PATENT NO. 



6.413,783 Bl 



No. of additional copies 10 



This collection of information is rcquucd by 37 CFR 1 .322, ! J23, and 1.324. The information i$ required to obtain or rctmn a bcncfil by the public which is 
to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1. J 4. This collection is estimated to take 1 .0 
hour to complete, including gatherii^ preparing, and submiaing the completed application form to the USPTO. Time will vary depending upon the 
individual case. Any comments on the amount of thnt you require to compiete this fbrr.j and/or suggestions for reducing this burden, should be sent to the 
Chief Information Olficer, U.S. Patent and Trademark Office, U.S. Department of Commerce. P. O. Box 1450, Alexandria, VA 22313-1450. DO NOT 
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO; Commissioner for Patents, P. O. Box 1450, Alexandria, VA 22313-1450. 



Jf you need assistance in completing the form, call U800-PTO-9199 and select option 2. 



KU25T962JI 



